Age estimation is essential in human identification, but also in civil and pension lawsuits. Teeth maturation is better than other structures and the dental changes provide characteristics which are grouped in different age estimation methods.
Introduction
Age estimation plays an important role in Forensic Dentistry for dead individual identification as well as for alive persons to clarify criminal and civil liability issues [1] . Teeth, skeleton or both structures are used on age estimation as maturity indicators. However the teeth maturation provides a valuable index of dental age and serves as a better index of the maturation than other index [2] . This maturation is divided in initial mineralization of a tooth, crown formation, root growth, eruption of the tooth into the mouth and root apex maturation [3] .
In some situations such as mass disasters and decomposed postmortem remains the dental hard tissues present importance in identification. Teeth are resistant to environmental insults and postmortem decomposition and hence can be retained without distortion. The morphology and arrangement of teeth is unique to an individual as are the fingerprints. Thus, human dentition aids in the individuals identification [4] .
Dental age estimation methods have been widely reported. Some methods are relatively accurate, conservative and preserve the teeth structure and other methods require the tooth extraction as well as require some preparation.
Tooth eruption, tooth calcification, attrition, periodontal diseases, secondary dentin deposition, root translucency, cementum apposition, root resorption, color changes and increase in root roughness are dental changes related to age which are analyzed most on radiographs as different dental age estimation methods .
Techniques have been developed based on the relationship between age and characteristics of the tooth structure to estimate the age in children and adults . The purpose of this paper was to present the main methods that have been used in the last years, according to the literature.
The most used techniques found, according to the literature, were radiographic methods like Demirjian 1973 [2, 3, 7, [9] [10] [11] [12] [13] 19, 21, [25] [26] [27] [28] [29] 32, 33, 35, 37, [40] [41] [42] 46, 49, 53, 57, 58] and Willems 2001 [2, 3, 9, 11, 25, 32, 43, 58] . The first is due to the maturity scoring system that creates a universal application and the conversion to dental age. The second tested the validity of Demirjian's methods in 1973 and 1976 on Belgian and it presented new tables for each sex with age score directly expressed in years [3] .
Demirjian 1973 method is still widely used. It was based on eight stages of the left mandibular teeth through radiographic analysis and it was performed in French-Canadian children [2, 3, 7, [9] [10] [11] [12] [13] 19, 21, [25] [26] [27] [28] [29] 32, 33, 35, 37, [40] [41] [42] 46, 49, 53, 57, 58] . Nevertheless this method was applied in populations of different countries and age range, according to Table 1 . Some studies only used Demirjian 1973 method in the Turkey [10, 19, 21, 37] . The authors considered the method is not suitable [10] and they observed variations according to different regions of this country [21] . Additionally dental age was lower than the chronological age [37] and a new equation proposed by Demirjian 1973 method will be very useful for age estimation through thirdmolar mineralization [19] .
Other studies also applied this method and they noted the linear correlation between chronological age and dental age [46] . Moreover it was observed that ethnic variables are related to certain parameters of age in the Brazilian population, providing important information for forensic evaluations [7] . The methods proposed by Demirjian in 1973 and 1976 resulted in a significant overestimation of dental age in relation to the chronological age [26] and there are variations between chronological age and dental development among Nigerian children [33] .
Demirjian 1976 included two new extra stages, enlarged the age range and presented two different sets of four teeth [11] . Different authors [20, 44] , observed that assessment of mandibular third molar development can be used to generate dental age and also the estimated age range for an individual of unknown chronological age.
Other authors who associated this method with other they demonstrated Willems 2001 method was the most accurate while Demirjian's methods in 1973 and 1976 for dental age calculation are not suitable on children from the Former Yugoslav Republic of Macedonia [11] . When comparing Demirjian 1973 and 1976 methods there were significant differences overall and in individual age groups between mean chronological and estimated age. In addition, each method consistently overestimated chronological age [28] . Chaillet et al. 2004, method of dental age estimation showed accuracy only in certain age groups in the school children of Bangalore [53] . Three modified methods Willems 2001 and 2010 and Chaillet et al. 2005, were more accurate for both sexes than Demirjian's method in 1973 and 1976 [58] . It found that the mean estimated dental age exceeded the mean chronological age in both boys and girls [27] . This study provided reference data for the age estimation of western Chinese juveniles and adolescents by the mineralization stages of the third molar [42] .
In 1960, Nolla created a 0-10 graded scale for the development of each tooth based on the calcification of teeth for the dental age estimation [3, 40] . This method was more accurate than Demirjian 1973 and 1976, Willems 2001 and Haavikko 1974 methods for Indian children [3] . On the other hand, an under-estimation of the dental age was observed by using Nolla 1960 method for Turkish children [40] .
According to other method based on the degrees of tooth calcification, Haavikko 1970 method, which presents a total of 12 radiographic calcification stages for the crown and root development and assesses developing teeth and determines dental age [40] . An underestimation of dental age was observed using this method [3, 40] .
Gustafson (Gustafson 1947 (Gustafson , 1950 (Gustafson and 1955 method attributed secondary dentin formation, periodontal recession, attrition, apical translucency, cementum apposition and external root resorption as dental changes related to the chronological age [47] . The regression equations calculated can be recommended for age estimation in living individuals, although the applicability of the method presented is limited by the quality of the X-ray images [47] . Among these dental changes root dentin translucency was considered the best parameter for age estimation [4] . Furthermore the age calculation using total score was found to be more accurate than the age calculated using score of single physiological factor [54] .
The dental pulp cavity reduction as result of secondary dentine deposition is an age indicator according to Kvaal et al. 1995 . It can be applied in living individuals, is non-invasive, reliable and accurate [5] . The length and width of the pulp, measured according to this method using panoramic radiographs, were insufficient to precisely estimate the age of Turkish individuals [1] . Large errors from Kvaal's formulae in 1995 may owe primarily to variation in the rate of secondary dentinal deposition in Indians influenced both by environmental and genetic variation [36] . In the adult age category, the Kvaal technique in the same year can provide more accurate age estimates, under condition that the method is applied as originally designed, implicating that periapical x-rays (preferably taken with the parallel technique) need to be examined [56] .
Third molar development was evaluated using a ten-point scoring system according to the method of Gleiser and Hunt modified by Köhler in 1994. As third molars start developing in the children group, these teeth were staged in this group according the Köhler technique in the same year. This allowed to combine permanent teeth with third molars development information, but related to the ages of forensic importance in United Arab Emirates, it is unnecessary to systematically integrate third molar development in the dental age assessments of children [9] . Just for sub adults groups the age estimation should only be based on third molar development [56] . Furthermore, in cases where four third molar teeth development is completed, the probability is high of an Iranian being older than 18 years [14] . Additionally age-related skeletal information associated with third molar improved the age predictions drastically, especially in the period of early third molar development [55] .
Charts of the developing dentition and tooth specific crown/root formation like the atlas of Schour and Massler in 1941a and 1941b consist of a series of 21 drawings from in-utero to adulthood. The findings show that the London Atlas in 2010 performs better than Schour and Massler in 1941a and 1941b and Ubelaker in 1978. It represents a substantial improvement in accuracy of dental age estimation from developing teeth [8] . On the other hand there were overestimation for males and underestimation for females. It could be due to anatomical representations of teeth that mask internal tooth structures and with no information regarding eruption reference [49] .
Cameriere 2006 method assessed chronological age in children based on the relationship between age and measurement of open apices in teeth and European formula about this relationship. Moreover pulp/tooth ratio in canines through peri-apaical X-rays and this ratio to quantify the apposition of secondary dentine. Additionally, cutoff value of Cameriere et al. 2008a , method for the third molar index evaluated 18 years of age and proved high probability for a subject was 18 years or older [24] . There is significant correlation between age and measurement of open apices. This method can be used for assessing age in forensic as well as legal contexts [34] . Although incisors are less reliable than canines or lower premolars, they can be used to estimate age-at-death when the latter are absent [18] . The pulp/tooth area ratio is a useful variable for assessing age with reasonable accuracy [17] . Cameriere et al. 2007a , method is suitable for dental age estimation in Mexican children [23] . The Cameriere et al. 2006 , method associated with Demirjian 1973 method of dental maturity and cervical vertebral maturation are reliable and useful in assessing dental and skeletal maturity [57] .
Methods such as racemization of aspartic acid [50] , have presented an error margin which has not exceeded three years. However, this kind of technique is often discussed in the literature, not to mention that it´s really time consuming, costly, requires tooth extraction and some of them require the microscopic preparation of tooth structures. Other methods like to measure root dentin translucency [4] , dental fluorescence [22] , are precise methods and they correlated with age, but there are still few studies.
The ideal age estimation method is a constant search of Forensic Odontologists. It must be observed that there are a great variety of dental age estimation methods available that can be used. They all have their advantages and disadvantages and the ideal is always to apply more than one method, repeating measurements and calculations in order to establish the maximum reproduction [1] [2] [3] 8, 9, [11] [12] [13] [14] [15] 17, 18, 23, 25, [27] [28] [29] 31, 32, 35, [39] [40] [41] 42, 45, [47] [48] [49] 52, 53, [55] [56] [57] [58] .
Therefore, for dental age estimation it should be taken into consideration different ancestrally with its genetic predispositions in a geographical region. Furthermore, firstly, it is important to note the reliability of the dental age method applied in relation to chronological age and compare different dental age methods with each other.
Conclusion
The most used dental age estimation methods were based on teeth develop stages through radiographs and they were applied in children and sub-adults in countries of the different continents.
